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51. Current literature highlights
1.1. A strategy for preparing encoded one bead-one compound cyclic
peptide libraries
Small peptides offer attractive options to act as afﬁnity ligands.
Such peptides show high levels of physical and chemical stability
and are more resistant to proteolysis than larger antibodies. Fur-
thermore they can be readily accessed by chemical synthesis, and
a range of recent combinatorial techniques can be applied to syn-
thesise large libraries to aid the identiﬁcation of potential ligands.
In particular, cyclic peptides are growing in popularity because of
their afﬁnity for a range of proteins and their resistance to enzy-
matic degradation. A recent paper describes a new technique for
making a one bead-one compound cyclic peptide library, in which
every bead also contains a small proportion of linear peptide that
can be readily sequenced by mass spectrometry [1].
The one bead-one compound approach uses routine solid-phase
strategies for synthesis combined with a split and mix step be-
tween the addition of each amino acid. In this way large numbers
of peptides can be assembled, and as the smallest unit of division is
the individual bead, each bead contains a unique peptide sequence.
This new publication describes the synthesis of a cyclic peptide li-
brary on 4-hydroxymethylbenzoic acid (HMBA) linker attached to
ChemMatrix (CM) resin (1). The choice of the HMBA linker permit-
ted the eventual release of the ﬁnal peptides from the resin by the
use of vapour-phase ammonolysis using 30% ammonium hydrox-
ide solution, a much safer approach than the alternative cyanogen
bromide. HMBA is also inert to triﬂuoroacetic acid (TFA) used dur-
ing the synthesis for amino acid side chain deprotection.
A glycine residue was initially coupled at the C-terminus of the
peptides, both to increase the weight of the eventual products
and also to provide an easily cleavable residue. The peptide library
was then built onto this initial glycine-substituted resin (2). Fmoc-
Asp(OPp)-OH was added as the next residue as a branching point to
permit cyclisation of the ﬁnal peptides. The 2-phenylisopropyl
(OPp) ester group was chosen as it is readily deprotected by 4%
TFA. To allow the simultaneous synthesis of a linear peptide that
could be used for MS analysis, a minor proportion (0.2 equivalents)
of alanine was also included in the coupling step alongside the
aspartic acid, to give 3. Lacking the carboxylic side chain, the ﬁnalhttp://dx.doi.org/10.1016/j.comche.2013.11.001
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would be available for MS sequencing.
The library was prepared by a regular split and mix approach
to prepare the nonapeptide, AX1X2X3X4X5VDG, where X repre-
sents a mixture of Arg, His, Leu, Thr and Tyr, giving a ﬁnal mix-
ture size of 3125 different sequences (4). Cyclisation gave the
ﬁnal product cyclo-(1,8)-AX1X2X3X4X5VDG and the linear se-
quence made alongside had the sequence AX1X2X3X4X5VAG as
shown in structure 5. The peptides could be cleaved from the
HMBA linker with ammonia and there was sufﬁcient linear pep-
tide cleaved to allow analysis by matrix-assisted laser desorp-
tion/ionization (MALDI) MS and MALDI tandem MS. In
summary, the approach provides a new method for the prepara-
tion of one-bead-one-compound cyclic peptide libraries with
straightforward MS product analysis.
2. A summary of the papers in this month’s issue
2.1. Polymer supported synthesis
The multicomponent Ugi reaction is a straightforward method
that can be used for the synthesis of highly hindered C-tetrasubsti-
tuted amino acids by reacting an amine, a ketone or aldehyde, a
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dialkylglycines has been achieved by solid phase Ugi reaction using
resins functionalised with the isocyanide group. Since no resins
with these features were available commercially, the functionalisa-
tion of an aminomethylated resin started by the use of glycine
(Gly), b-alanine (b-Ala) and c-aminobutyric acid (GABA) as spacers.
After spacer N-formylation, followed by dehydration, isocyanide
functionalised resins were obtained. The resins were then used in
the solid phase Ugi reaction to give the desired N-acylated a,a-
dialkylglycines in good overall yields (60–80%) after acidolytic
cleavage from the resin [2].
Inhibition of isoprenylcysteine carboxylmethyltransferase
(ICMT) is of interest as a potential target for the development of
cancer chemotherapeutic agents. Screening for inhibitors of ICMT
uses a scintillation proximity assay in which biotin-S-farnesyl-L-
cysteine (BFC) acts as a surrogate substrate. A solid-phase
synthesis protocol for the preparation of BFC using 2-chlorotrityl
chloride resin as a solid support has been developed to provide
sufﬁcient supply of BFC for high throughput screening and
subsequent chemistry campaigns to target inhibitors of ICMT
[3].2.2. Solution-phase synthesis
A simple and efﬁcient ‘one-pot’ methodology has been devel-
oped to generate a new series of tetrahydro-b-carboline (THBC),
tetrahydroisoquinoline (THIQ) and tetrahydrothienopyridine
(THTP) derivatives. The key step of the methodology is based
on a Pictet–Spengler type cyclisation of a reactive N-carbamyli-
minium ion. This methodology was applied to the synthesis of a
library of 32 compounds with potential anti-tumoral activity
[4].
2,3,4,5-Tetrasubstituted 4,5-dihydro-3H-1,4-benzodiazepines
have been synthesised in one-pot by a new sequential Ugi 4CC/
Staudinger/aza-Wittig reaction, starting from easily accessible o-
azidobenzaldehyde, a-amino ketone hydrochloride, isocyanide
and carboxylic acid. The building blocks employed can be varied
widely, producing products with three potential points of diversity.
This straightforward synthetic approach is useful in library synthe-
sis [5].
An efﬁcient synthesis of novel bicyclic pyridone derivatives via
cascade reaction of heterocyclic ketene aminals and 4-arylmethyl-
ene-2-phenyloxazol-5(4H)-ones in the presence of acetic acid has
been established. Signiﬁcantly, the protocol affords a straightfor-
ward approach to the construction of multisubstituted bicyclic
pyridones in which one C–O bond was cleaved and new C–C and
C–N bonds were formed in one pot under mild conditions. This ap-
proach could be used for the construction of diverse combinatorial
compound libraries [6].
A novel combinatorial multicomponent regio-selective ap-
proach towards the synthesis of thieno[3,2-b]pyridines and pyri-
dine pyrans has been described. The methodology is based on a
‘domino’-type reaction, where the high regio-selectivity was ob-
tained by the in situ generation of the mono-potassium salt of 2-cy-
ano-1-mercaptoethenethiolate [7].
A four-component reaction between 2-formylbenzoic acid, mal-
ononitrile, isocyanides, and primary alkyl amines has been
developed for an efﬁcient preparation of 2-(1-(alkylcarbamoyl)-
2,2-dicyanoethyl)-N-alkylbenzamide and 1,7-diazaspiro[4,4]non-
ane-2,6-dione derivatives. It was is shown that simply by changing
the reaction solvent from ethanol to dichloromethane and control-
ling the order of the addition of reagents, two completely different
products could be obtained. These multicomponent reactions
showed high atom economy and utility for combinatorial chemis-
try [8].2.3. Scaffolds and synthons for combinatorial libraries
No papers this month.
2.4. Solid-phase supported reagents
Chitosan–SO3H has been found to catalyse the Friedländer con-
densation/annulation reaction of 2-aminoaryl ketones with a-
methyleneketones to produce the corresponding quinoline deriva-
tives in high yields in short reaction times. The use of recyclable
and biodegradable chitosan–SO3H makes this method quite sim-
ple, more convenient, and economically viable compared to acid
catalysed methods reported in the literature [9].
An efﬁcient superparamagnetic Pd–ZnFe2O4 solid catalyst has
been synthesised by loading Pd(0) species on zinc ferrite nanopar-
ticles. Using this catalyst, Sonogashira cross couplings between ter-
minal alkynes and aryl halides were achieved in the absence of any
copper co-catalyst. A Heck–Matsuda coupling reaction of structur-
ally different aryldiazonium tetraﬂuoroborate substrates pro-
ceeded at 40 C in water. Excellent yields of products, reusability,
and uncomplicated work-up make this catalyst efﬁcient for C–C
and C–O coupling reactions [10].
Polystyrene-supported pyrrole-2-carbohydrazide has been syn-
thesised and combined with CuI to make up a recyclable heteroge-
neous catalytic system for Ullmann-type C–N coupling reaction in
water. In this approach, a variety of functionalised aryl halides re-
acted efﬁciently with anilines, benzylamine, aliphatic amines, and
imidazole [11].
2.5. Novel resins, linkers and techniques
Although peptide-based molecules are known to have thera-
peutic potential, the generation of phage focused libraries to
optimise peptides is effort-consuming. A chemical method has
been developed to extend a maleimide-conjugated peptide with
a cysteine-containing random-peptide phage display library. As a
proof of concept, a 15-mer epidermal growth factor receptor
(EGFR)-binding peptide was synthesised with a maleimide group
at its C-terminus and then conjugated to the cysteine-containing
library. After panning and screening, several extended peptides
were discovered and tested to have a higher afﬁnity to EGFR.
This strategy can have broad utility to optimize pharmacophores
of any modalities (peptides, unnatural peptides, drug conjugates)
capable of bearing a maleimide group [12].
RNA is an extremely important target for the development of
chemical probes of function or small molecule therapeutics, and
aminoglycosides are the most well studied class of small molecules
to target RNA. However, the RNA motifs outside of the target bac-
terial rRNA A-site that could be bound by these compounds is lar-
gely unknown. Two-dimensional combinatorial screening is a
library-versus-library screening approach that has been used to se-
lect the RNA motifs that bind with high afﬁnity and selectivity to
six aminoglycoside derivatives [13].
2.6. Library applications
The library of sixteen new N-Mannich bases of 3-phenyl-
pyrrolidine-2,5-diones have been synthesised and tested
in vivo for anticonvulsant activity. Several compounds were ac-
tive in different animal models of epilepsy. The most active in
the MES seizure model in rats was 1-[(4-benzyl-1-piperi-
dyl)methyl]-3-(2-chlorophenyl)pyrrolidine-2,5-dione which
showed an ED50 value of 37.64 mg/kg. This molecule along
with several others showed protection in the psychomotor sei-
zure test, which is known as an animal model of therapy-resis-
tant epilepsy [14].
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thesised with the aim of identifying a potential drug candidate
to treat visceral leishmaniasis. These molecules were tested for
their in vitro and in vivo biological activity against Leishmania
donovani, and metabolic stability was improved through the
introduction of halogen substituents. The most active compound
exhibited an IC50 value of 0.2 lM and >180 fold selectivity [15].References
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